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ABSTRACT

Long-term operation of phosphoric acid fuel cell produce~ severe

migration of the highly dispersed electrocatalyst, Pt, from the cathode

to the ●node. We have examined, before and after extended operation, the

porous gas diffusion electrode assemblies by conventional Rutherford back-

scattering opectrometry using the ion beam facility at Los Alamcm. In

addition, we have made computer simulations to the data that give catalyst

concentration as a function of depth. The data demonstrate that after

extended operation (500 to 2000 hours), Pt is lost from the cathode and

in redeposited at the outermost surface layers of the anode electrode

structure. This lass is significant and several factors contributin~ to

it will be discussed.



1. IUTRODUCTIOU

The principal electrochemical

(PAFC) ●re two parallel porous gaE

the ●node ●t which hydrogen gas is

components of ● phosphoric ●cid fuel cell

diffuEion electrode structures, one being

oxidized to solvated protons ●nd the other

being the cathode at which oxygen is reduced to water. Electrochemical power

is ●vailable by connecting ● current load between the two electrodes. The

eloctrocatalytic material for both reactions is

(particle sizes 20 to 50 A) supported on porous

single-cell PAFC component 1s shown in Fig. 1.

●re avmilable that discuss the electrochemical,

usually highly dispersed Pt

carbon, A schematic of a

?lany detailed references [1-31

materials science ●nd systems

engineering aspects of these devices. In this study we specifically address

the direct loss (and migration) of Pt from the electrocntalytic cathode layer

due to electrodiseolution and/or corrosion. These losses have at direct bearing

on the practical operating lifetime and perfomnance of the PAFC.

The porous gas diffusion electrode is particularly amenable to analysis

by Rutherford backBcattering spectrometry (RSS) since we ●re analyzing a high

Z material, Pt, in a low Z matrix containing C, O, Si (from SIC in the matrix),

and p ‘from “3p04)” We have conducted pro- and post-mortem ●nalysis on ●lee-

trodc assemblies containing (i) Pt ●t both the ●node and cathode, and (ii) Pd

●t the ●node and Pt ●t the cathode. The latter ●xperimental arrangement allows

us to unequivocally demonstrate ●nd ●nalyze for migration of Pt through the

cell due to the quite different Z values of the respective elements.

11. EXPERIMENTAL

Rutherford backscattering spectroscopy (RBS) experiments were performed

●t the ion beam facility of the Los Alamoo Hational Laboratory. The spactra

were taken with ● 2.3 (and occasionally 2,5) ?leV ●lpha particle beam impinging

●t nomnal incidence to the electrode rurface. This energy was meas:red at a

backscattered ●ngle of 160” with a solid-stat. detector. The ●nergy resolution

of the detector together with necessary ●loctronic components was 17 to 20 kaV

full width ●t half maximum, The beam repot was typically 20 to 3C mm2,

●nd the data wore collected until ● preoet charge (integrated current) on the
-4

sample of - 2 x 10 C was ●chieved.

-1-



The data were niwlated with cwputer ●lgorithms for synt.hesio of RBS

epecLra [4]. A key smsumption in the computer code 1s that the samples ● re

made up of ● fjnite number of layers of different thicknoEses, each with uni-

fom composition. Further details regarding the program mre contained in

Ref. 4.

The depth of penetration can bc ●stimated from Ziegler’s penetration ran-

ges for He+ [5]. For bulk carbon (graphite) the penetration range (R) of

2,3 HeV alphas is 7 kO.2 ym. Because there are backscattered particles, the

depth of penetration is roughly half that of the implanted or R = 3.4 ~ 0.2 ~.

Since the electrodes are mostly porous graphite, rather than bulk, the pene-

tration range is higher. As ● first approximation, we ● ssume that the pene-

tration is ● linear function of the decrease in density (Sq. 1).

penaity of Bulk C
‘(porous) - Density of Porous C x ‘(bulk) (1)

-3
The denRity of the electrodes was measured to be -0.7 gin/cm , ●nd bulk

-3
graphite density is 2.27 gdcm . Thus, the range increases to - 11.3 ~.

Since the electrodes contain other materials that ●re heavier than carbon (O,

F, Si, P, Pd, ●nd Pt), the true penetration range is

depth of penetration can ●lso be determined from the

latlons show that the number of atoms encountered by
19 2

particles is - 3 x 10 atoms/cm . The mesa density

somewhat smaller. The

cpectra itself. The simu-

the penetrating alpha

of electrodes is

0.7 gin/cm-3; thus the range can also be calculated by Bq. (2) and found to

be -8.5 ~.

—lz~ .3 x 1019 btanm

~ ■ 6.02 x u cfa2
= 8.5 ~

0,7 :3
(2)

Electrochemical teoting and operation of the PAPC single cells were con-

ducted uoing ● conventional design and ●pparatus [2]. The cells were mn on

pure H2 and 02 ●t 200 ~ 5“ C, The supported Pt electrodes were of bilayer

conatmction on carbon paper (- 1 m thick)*. Tlw outer ●lectrocatalytic

* Elcct,rodes were uupplied by Energy Research Corporation, 3 Great Pasture

Road, Dsnbry, CT.
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layer (-100 Vm thick) contained 8 nominal Pt loa~~nz of 0,35 w/cm2# The sup

pIJrLod Pd oloctrodes wor@ of bilayer construction on carbon cloth.** l?w outer

electrocatalytic layer contained a nominal Pd loading of 0.35 mg/cm2. The

post-mortem electrode assemblies were washed briefly in water to remove H3P04

and were ultrasonically agitated in acetone to remove the SiC matrix. Some

small residual SiC and H3PC)4 did remain on and in the electrode assembly and

is readily apparent. in some of the RBS data.

111. RESULTS

In Fig. 2 the RBS spectra of the unused fuel cell anode (Pd loaded onto a

carbon support) and cathode (Pt loaded onto a carbon support) components are

shown . The solid lines correspond to computer simulation of the data using a

multilayer model. In the spectra for the unused anode, one observes edges due

to C from support, O from spurious surface oxidation of the support and/or inc-

orporation of water, F from the teflon added as wet proofing and Pd from the

electrocatalyst loading. Note also, that the Pd edge displays a very prominent

rounding, This is partly due to the very rough nature of the actual electrode

surface (with morphological variation in the actual outer most surface position

on the order of several microns) and also due to inhomogeneous distribution of

the electrocatalyst, For the Pt-loaded electrode (cathode), the actual elec-

trode surface region was morphologically smoother and the load!.ng is more evi-

dently uniform and in t’t~e RBS spectra and simulation. Despite this shortcoming

and the limited depth into which we are penetrating, useful information on the

corrosion and cross cell migration of Pt in the fuel cell devict’ can be con-

vincingly demonstrated, In addition, the measured Pt loading, when extrapo-

lated ko a layer thickness of - 1.00 Mm, is of the same order of magnitude as
-2

the Qtated nominal loading of 0.35 mfj cm .

Singlecell assemblies containing Pd as the ective anode electrocatalyst.

and Pt as the active cathode electrocatalyst were run at a variety of load

conditions and for various operating times. After long-term operation

(500 to 2000ho~rs) the electrode asucmblies were then disassembled and

** Electrodes were supplied by ~rototech Corporation, 70 Jaconnet Street,

Newton Highlands, MA,
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●nalyzed by R.BS. in Fig. 3 EM data ●re shown for ●n ●lectrode susembly mm

for - 2000 hours under a constant initial load of 15 mA/cm2 ●t ● cell potential

of +0.750 ~ 0.01 v. Several general observations are apparent from inspection

of Fig, 3. The major observation is the significant appearance of P: now ●p-

pearing ●t the ●node otructure. Solvated platinum is electrochemically de

posited at the anode due to its favorable potential. In addition, the concen-

tration of electrocatalyst component at both the anode and cathode (not ehown)

ntmctures has also decreased significantly (compare the Pd to C edge/height

ratio in Fig, 2 to that in Fig, 3). Other elements appear in the RBS spectrq

in ●ddition to those seen in the unused electrocatalyst BBS data (Fig. 2).

Phosphorous and silicon arise from incomplete removal of H3P04 electrolyte and

SIC in the matrix material. The Pt and Pd concentrations within the anode

electrode structure are aleo oeen to be sLrongly peaked with the highe~t con-

centrations at the ourface.

In addition to the electrode assembly examined in Fig. 3, we have run

several other oingle cells using the same electrode configuration operated

under different load and overall cell potential conditions. For electrodes

mn at an oveLall cell potentials of +0.650 V and +0.500 V (500 hours operation

at 200”C), the RBS deta (not ❑houn) also demonstrate noticeable losses of Pt

from the cathode and redeposition onto the outermost surfaces of the anode.

1,4 general, we have found these losses to be variable with respect to the over-

all cell potentiel (load drawn) although always more sevare for cells operated

for longer periods of time.

Iv. DISCUSSION

For the PAFC, the loss of ●ctivity as 8 function of operation time can be

correlated with many factor: that act either singly or in concert [6]. Flood-

ing of the electrodes (leading to poor mass trans!”er of the reactant gases),

loon of active pt ●rea ●s ● result of sintering and corrosion, and loss of

electronic conductivity caueed by suppork corrosion, are all principal factors

leading to PAFC activity losses. The results described above pertain directly

to the corroolon of Pt., diffusion throur,h the matrix, and deposition at the

●nodo in the PAFc device,

-4-



l’tw corrooion of bulk Pi has bean ●tudied by Bindra, Clouscr, and Yeagcr

at 200*C in 96% H3W4 and found to be Uernst.ian [7] corresponding to the pro-

posed electrochemical corrasion reaction:

+2
‘tMetal

= Pt.
Solvatad

+ 2e-

Their results demonstrated that Pt volubility at 0.75 V (versus a reversible
-8 ~

hydrogen electrode) can be estimated to be ca. 20 . The equilibrium volu-

bility increased dramatically with potential and rather large equilibrium Volu-

bility values (- 10 -4
H) are obtainable at potential values near open circuit

(- +0.95 v).

A rather simple flux equation, given by Eq. 3, can be used [8] to estimate

the net rate of Pt loss from the cathode and redeposition at the anode. Here

U represents the rate of this process,

N =Dc”, (3)
i

in which D is the average diffusion coefficient of all solvated Pk species,

Co is the equilibrium volubility of all solvated Pt species, and B is the

interelectrode distance shown in Fig. 1. For D = 10-5 -1
cm s , co = 10-8 n

(@ 0.75v), and t = 0.1 cm, N corresponds to 7.2 x 10-lOg Pt ● cm-2 Hr-l

(Q 0.75 V). The RBS hr-l results of Fig. 3 allow us to measure directly the

concentration of Pt migrating through the single cells, The total Pt crossover

concentration contained in Fig, 3 is equivalent to 1.4 x 10-6 g/cm2, which is

in excellent agreement with the dissolution rate, M multiplied by the operating

time, 2000 hours.

The observation that similar losses of Pt occur for electrode assemblies

run under sufficient load such that their operating potentials should be low

enough to prevent significant dissolution is noteworthy. Given the complex

nature of the porous gas diffusion electrode, one must remember that the poten-

tial experienced by all the dispersed Pt is not the same, Secondly, the poten-

tial experienced by small particles is modified by the Kelvin equation [9-10];

therefore, their dissolution rates may be considerably higher, Another aspect

that contributes to the measured Pt deposited at the anode is the number of

carbon particles (with Pt on them) that are not in good electronic contact

-5-



W!ttl iho ~ue’rant- collecting aloctrodc structure. Platinum on such particles

would in effect t.w at open circuit and the dissolution process should proceed

very rapidly at such sites. Closely related to this last idea is the corrosion

occurring at the intimate interface between the highly dispersed Pt and carbon.

This corrosion process has been demonstrated [11] to be significant at poten.

tials as low as +0.6 V.

In sumnary, many factors undoubtedly contribute to the overall Pt dissolu-

tion (corrosion) occurring in PAYC devices. A full detailed discussion of each

of these contributing factors is beyond the scope of this article. However,

measuring the overall Pt dissolution, migration and redeposition in real PAFC

electrode assemblies is readily accomplished using RBS.
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FIGURE CAPTIONS

Fig. 1

Fig. 2a

Fig. 2b

Fig. 3

Schematic diagram of a PAFC.

RBS spectrum (2.5 ?ieV alpha) from an unused cathode with Pt as

the electrocatalyst.

RBS spectrum (2.3 PleV alpha) from an unused anode with Pd as

the electrocatalyst.

RBS spectrum of a used anode indicating the cross cell migration

and deposition of Pt.
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